We assessed the determinants of onset of hypertension in a large, prospective population-based study of perimenopausal women from the Kuopio Osteoporosis Risk Factor and Prevention (OSTPRE) study. The data collection started in 1989, when a baseline postal inquiry was sent to all women aged 47-56 years (n ¼ 14 220) residing in the Kuopio Province in Eastern Finland. Names, social security numbers and addresses were obtained from the Population Register Centre of Finland. A total of 11 798 women responded at baseline and at 5-year follow-up in 1994. After the exclusion of 1777 women with prevalent hypertension at baseline and women with missing height or weight information, the study population consisted of 9485 without established hypertension at baseline. New cases of established hypertension during the follow-up (n ¼ 908) were ascertained with the Registry of Specially Refunded Drugs of the Finnish Social Insurance Institution (SII). According to the National Health Insurance, the SII granted 90% reimbursement for drug costs in defined chronic illnesses necessitating continuous medication, like arterial hypertension. Weight and weight gain both raised the risk by 5% per kg (Po0.001). Weight gain of 4-6 kg increased the risk of hypertension 1.25 times and a gain of more than 7 kg 1.65 times compared with the control (zero) group. To conclude, the onset of hypertension in peri-and early postmenopausal women was related to an increase in body weight despite controlling for initial body weight, reported physical activity and use of HRT. Therefore, preventing weight gain by dietary means and exercise is of great importance at menopausal age.
Introduction
Men have higher blood pressure (BP) levels than women and the difference can be seen already in adolescence through adulthood. On average, systolic (SBP) and diastolic (DBP) blood pressure levels are 6-7 and 3-5 mmHg, respectively, higher in men than women between comparable age groups. 1, 2 However, after the age of 60 years, this sexual dimorphism in BP levels gradually attenuates and becomes even reversed especially due to marked increase in SBP levels in women. 1, 2 In this regard, the role of menopause and loss of ovarian function has gained interest. Indeed, cross-sectional studies show that there occurs a significant increase in SBP and DBP levels after the onset of menopause. 3, 4 In a study by Staessen et al, 4 the increase in SBP per decade was 5 mmHg greater in perimenopausal and postmenopausal women as compared with premenopausal women. Further, the prevalence of hypertension was increased four-fold in postmenopausal as compared to premenopausal women. 4 However, in the few longitudinal studies available [5] [6] [7] [8] the menopausal transition of hypertension has not been convincingly demonstrated. The current view is that BP does not rise during the transition phase from perimenopause to menopause, but rather that the increase in BP takes an average of 5-20 years to develop. 7, 9, 10 However, environmental determinants of the postmenopausal hypertension may be more critical than the loss of ovarian function per se. As the longitudinal studies on this topic are scarce, we analysed the determinants of the onset of persistent hypertension in 9485 peri-postmenopausal women in a population-based study followed-up to 5 years.
Subjects and methods
This study was performed on the study population from the Kuopio Osteoporosis Risk Factor and Prevention (OSTPRE) study. The data collection started in May 1989, when a baseline postal inquiry was sent to all women aged 47-56 years (n ¼ 14 220) residing in the Kuopio Province in Eastern Finland. 11 Names, social security numbers and addresses were obtained from the Population Register Centre of Finland. After 5 years, in May 1994, a follow-up inquiry was sent to all the living members (n ¼ 13 989) of the original cohort. In all, 11 798 (84%) women responded both in 1989 and 1994. The enquiries included detailed questions about body weight and height, gynaecological history including parity and use of hormonal replacement therapy (HRT), physical activity, smoking habits, work disability, use of dairy products and alcohol, chronic heath disorders and physical loading at work. Reproducibility and validation of the baseline enquiry was checked with repeated inquires on a subsample. 12 The data from records of the baseline and 5-year follow-up inquiry were pooled together with the records of the Registry of Specially Refunded drugs of the Finnish Social Insurance Institution (later SII). The final study population (n ¼ 9485) was formed by including cases with information on height at the baseline and weight at baseline and in the 5-year follow-up (n ¼ 11 155), but excluding cases (n ¼ 1777) with hypertension already diagnosed, that is, medication reimbursed by the SII before the baseline in 1989.
New cases of established hypertension during follow-up (N ¼ 908) were ascertained with the Registry of Specially Refunded Drugs of the SII. According to the National Health Insurance, the SII granted, in 1989, 90% reimbursement for drug costs in defined chronic illnesses necessitating continuous medication, like arterial hypertension. This National Health Insurance is statutory and comprehensive and covers equitably the whole Finnish population. SII is supervised by the Finnish Parliament and the costs of reimbursement are financed by tax revenues. To acquire the reimbursement, one has to complete an application to the SII accompanied by the statement from his/her physician. This medical certificate must include the history of hypertension, repeated BP measurements, physical examination, relevant laboratory investigations and radiological findings targeting especially to show possible signs of secondary complications of hypertension. According to the National Health Insurance the criteria for reimbursement of medication in chronic hypertension were, (in 1989) as follows: 
Results
The final study population consisted of 9485 participants. There was minimal variation in the number of subjects in the statistical analysis due to question-specific missing information. The baseline characteristics of the women are presented in Table 1 . The mean weight ( 7 s.d.) at the baseline was 67.3 7 11.1 kg and it increased on average by 2.4 7 4.8 kg during the follow-up. Mean BMI at baseline was 25.8 7 4.0 kg/m 2 . In all, 67.5% of the subjects were postmenopausal at the baseline and 2796 (27.5%) of the women turned to postmenopausal phase during the study period. At the end of study period, 5% were still premenopausal. By the baseline, 33.3% of the women had used HRT and the mean duration of HRT was 1.1+2.3 years. In the follow-up inquiry, 58.7% of the women announced that they had not used HRT during follow-up and correspondingly 25.6 and 15.7% of the women informed occasional or continuous use of HRT during the follow-up, respectively. Of the participants, 5.4% had bilateral ophorectomy performed before baseline.
At the baseline, 12% (n ¼ 1192) of the participants were retired and 16% (n ¼ 1530) retired during the study period. The most frequent diagnoses for retirement during the study period were degenerative lumbar and joint disorders (n ¼ 715), depression (n ¼ 130), neurotic anxiety (n ¼ 74), coronary heart disease (n ¼ 98) and asthma (n ¼ 66). A total of 842 (8.9%) acknowledged smoking habits in both baseline and follow-up inquiries. Starting and cessation of smoking was quite rare, because only 3.5% women changed their smoking habits during the study period. Of the study population, 47% did not perform any leisure time physical activity at the baseline, 3309 (36.7%) had leisure time physical activity at baseline and in follow-up studies, while 32.8% were inactive both at the baseline and at the end of follow-up (Table 1) .
At the baseline, 9.0% of the postmenopausal and 10.7% of the premenopausal women had reimbursed antihypertensive drugs. Altogether 908 new cases of established hypertension were registered during follow-up. Incidence of hypertension was associated with baseline BMI: 6.9% for BMIp18.9 kg/m In univariate logistic regression analysis (Table 2) weight at the baseline, increase of weight, premenopausal status at baseline, retirement during followup and physical inactivity were associated with the new onset of hypertension. Body weight at baseline and its increase during follow-up raised the risk of hypertension by 3.2% (Po0.001) and 3.8% (Po0.001) per kg, respectively. Postmenopausal women had about 17% greater risk of hypertension than premenopausal women. Retirement during follow-up was associated with an increased risk of hypertension of nearly 50% (Po0.001). Age, body height, smoking, use of HRT, physical load at work and parity were not associated with the risk of hypertension.
In multivariate analysis (Table 3) , weight at baseline, increase of weight, postmenopausal status at baseline, height and retirement during follow-up were all predictive of hypertension (Po0.01). Weight and increase of weight both raised the risk by 5% per kg (Po0.001), whereas height decreased the risk by 4% per 1 cm (Po0.001). Retirement during the follow-up increased the risk by 29% (Po0.001). Postmenopausal phase at baseline decreased the risk by 17% (Po0.05). Other covariates (age, smoking, use of HRT before or after baseline, physical load at work and parity) included in this model did not have a significant association to onset of hypertension.
In further analysis the risk of hypertension increased with the weight increase (Figure 1) , so that the threshold was at 4 kg. This amount of weight increase was associated with an increased risk (Po0.05) as compared to the zero group ( ¼ weight losers or no change). Weight gain of 4-6 kg increased the risk of hypertension 1.25 times and gain more than 7 kg 1.65 times compared with the control (no weight change) group. OR=odds ratio with 95% confidence limits.
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Discussion
The main finding of our study was that the incidence of hypertension in peri-and postmenopausal women was related to increase in body weight regardless of initial body weight, reported physical activity and use of HRT. Further, the findings imply that the onset of hypertension coupled with weight gain may become manifested within a fairly short period. The public health implication of this study is that menopause seems to be quite a critical time with respect to the onset of hypertension and even mild weight gain increases the risk for a chronic disorder such as hypertension. It is important to note that the results do not reflect menopause per se; rather they reflect the age-associated increase in body weight currently occurring at alarming rate throughout the developed and even developing countries; 13 as a matter of fact, the mean increase in body weight during the 5 years is comparable to what has previously occurred in the Finnish population.
14 Thus, our findings are in agreement with earlier ones suggesting that even modest weight increase may be an important determinant of hypertension in peri-postmenopausal women. [15] [16] [17] It is known for decades that weight gain increases BP, although the mechanism(s) by which increased fat mass actually increases blood pressures remains to be clarified. On the other hand, there are plenty of data showing that weight loss decreases BP. However, studies assessing the effect of weight loss on BP have frequently failed to take into account the effect of continued weight loss or negative energy balance on BP. [18] [19] [20] Actually there are quite a few studies that should have assessed the effects of weight maintenance after marked weight loss on BP. The Swedish Obesity Study showed that after marked surgically induced weight loss there was no improvement in the long-term frequency of hypertension, 21 which are in accordance with our study 22 in which dietinduced weight loss in abdominally obese subjects decreased ambulatory BP levels after weight loss, but during weight maintenance the BP returned to pretreatment levels. As the achievement of permanent weight loss is notoriously difficult, it seems that prevention of age-related weight gain is of enormous importance in preventing the onset of hypertension and its adverse consequences.
The strength of this study is the large populationbased sample and therefore it is most likely representative of the catchment area. Further, the study design was prospective and controlled for the major confounders. On the other hand, our study has obvious limitations. First, the body weight was self-reported. People's ability to report their weight varies and the variation is associated with certain personal characteristics. [23] [24] [25] [26] In particular, obese subjects often underestimate their body weight whereas lean ones do over-report their weight. However, in the subanalysis of this study, the selfreported weight was quite reproducible (r ¼ 0.93), 12 and given the large number of subjects studied it is unlikely that consistent underestimation could have markedly biased the results. Further, our criteria for hypertension was the limit for drug reimbursement by the Social Insurance Institution, which are remarkably higher than what current guidelines suggest. Thus, the criteria were not very sensitive; but on the other hand, specificity was likely to have been quite high.
To conclude, the onset of hypertension in periand postmenopausal women was related to an increase in body weight even when the effects of other determinants, like initial body weight, reported physical activity and use of HRT, were taken into account. Therefore preventing weight gain by dietary means and exercise is of great importance at a perimenopausal age.
